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Abstract. River channels undergo dynamic and frequent changes of environments due to 
both natural flow regimes and anthropogenic transformations. Riverine habitats are major 
hotspots of biodiversity, especially in industrialized countries. Despite the protection of 
high nature value sites, rivers and riverine species are threatened. Therefore, quality of 
riverine habitats and biodiversity need to be monitored e.g. by use of selected umbrella 
species. Here, two bird species characteristic for river channels: Common Kingfisher and 
Common Sandpiper, were examined in respect to their utility as umbrella species for riv- 
erine habitats. Data were collected in 2007, 2011 and 2012 in submontane river channels 
of Western Carpathians (SE Poland). Both species found to be depended on high share of 
natural habitats in river channels (alluvia, scarps) and less on hydromorphology and an- 
thropopressure. Presence of Kingfishers and Sandpipers was highly correlated with high 
diversity of riverine birds. Moreover, both birds increased in number after channel renatu- 
ralization by the severe flood and decreased after intensive hydrotechnical alterations. 
These results suggest that due to Kingfisher’s and Sandpiper’s relations with naturalness 
and biodiversity of river ecosystems and because of relatively easy detection and count- 
ing, these birds could be used as umbrella species for riverine habitats and assemblages. 
Monitoring of Kingfisher and Sandpiper populations may be a good tool for tracking 
changes in quickly and severely transformed river valleys. 
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I. INTRODUCTION 


River channels are the most dynamic environments on the Earth due to natural flow re- 
gimes with frequent inundations and irregular floods (SPARKS 1995). These ecological cor- 
ridors are also severely influenced by anthropogenic transformations like hydrotechnical 
alterations (channel regulation and damming), excavation of materials from the river bed 
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(e.g. gravel, sand, woody debris) and direct use of water (for transport, agriculture and in- 
dustry, as drinking supplies) (e.g. NILSSON & DYNESIUS 1994; NILSSON & BERGGREN 
2000; KORPAK 2007). Simultaneously, rivers are hot spots of biodiversity and major migra- 
tion routes, especially important in industrialized areas like in Europe (TOMIALOJC & 
DYRCZ 1993; WARD et al. 1999). These man-made alterations cause e.g. habitat fragmen- 
tation and loss (SAUNDERS et al. 1991; HINSLEY et al. 2006). Despite this degradation, 
river valleys of high nature value are still present (ALLAN & FLECKER 1993), mainly due 
to spontaneous renaturalisation processes (REEVES et al. 1996). Some of them are con- 
served under various protection forms (BENNET 1994; JONGMAN 1995), including the 
European network of Natura 2000 and nature reserves. Monitoring of changes in river val- 
leys environment quality is challenging due to the high complexity of habitats (riparian 
forests, marshes, oxbow lakes, river channels etc.) and the numerous species which live 
there, including rare and threatened taxa. This could be solved by monitoring selected spe- 
cies. The species should be relatively easy to find and count, should have specific habitat 
requirements and their occurrence should be correlated with general biodiversity and habi- 
tat quality (LAMBECK 1997; HILTY & MERENLENDER 2000). Such species are considered 
as good indicators of the environment quality or/and can serve as umbrella species for spe- 
cific habitats and their characteristic faunal assemblages (CARO & O’DOHERTY 1999). 
Many bird species comply with these requirements and were used for monitoring and pro- 
tection of specific habitats (ROBERGE & ANGELSTAM 2004), including rivers (VAUGHAN 
et al. 2007). In Central Europe the following bird species were evaluated as umbrella spe- 
cies for riparian forests: Middle-spotted Woodpecker Dendrocopos medius, White-backed 
Woodpecker D. leucotos, Collared Flycatcher Ficedula albicollis, Pied Flycatcher 
F. parva, Hazel Grouse Bonasa bonasia and Common Kingfisher Alcedo atthis (MACHAR 
2008; KAJTOCH et al. 2015). On the other hand, similar studies for riverine habitats (within 
channels) are scarce, with the exception of study on Goosanders Mergus merganser 
(KAJTOCH et al. 2014), which utilize both riparian forests and river channels, and White- 
throated Dipper Cinclus cinclus and Grey Wagtail Motacilla cinerea (SORACE et al. 2002; 
DOBRZANSKA & STRUZYNSKI 2009), but these birds are associated only with mountain- 
ous waters. Moreover, several waterbird species, including Common Kingfisher, Com- 
mon Sandpiper Actitis hypoleucos, White-throated Dipper and Grey Wagtail were 
evaluated as indicators of the direct water quality (MEADOWS 1972; VICKERY 1991). 


The aim of the study is to fill the knowledge gap related to the selection of Common 
Kingfishers and Common Sandpipers as umbrella species in order to perform assessment 
of environment quality in river channels. First, basic habitat requirements of selected spe- 
cies were evaluated. Next, the responses of these birds on changes in the riverine environ- 
ment caused by both natural flow regimes and anthropogenic alterations were examined. 


Il. MATERIALS AND METHODS 


Study area and data collection 


The study was performed in submontane river valleys localized in the Western Carpa- 
thians (south-eastern Poland, south to the city of Krakow, approx. center 49.899°E, 
20.203°N, Fig. 1). Collection of data was performed in two steps. First, in 2007 year birds 
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Fig. 1. Map of river systems with localization of sections along which bird inventory was executed: i) for first 
part of the research in 2007 year (in black) and ii) for second part of the research in 2007, 2011 and 2012 years 
(circles). 


were counted along 52 sections, each of 1 km length, in river channels of middle part of the 
Raba tributary. Details about study area and bird census methods (according to BIBBY et 
al. 2000) are described in KAJTOCH et al. (2014). Second, in the years 2007, 2011 and 2012 
birds were counted along 16 sections, each of 1 km length, in river channels of middle part 
of the Raba tributary and adjacent Lososina river valley. These sections were selected in 
relation to their status in 2007 (before flood) and covered in equal proportions natural and 
regulated river banks (KAJTOCH & FIGARSKI 2013). Counts in 2011 were done one year 
after the severe flood which happened in 2010, whereas counts in 2012 were executed just 
after intensive hydrotechnical works and removal of gravel and woody debris, which took 
place at the turn of 2011 and 2012. Details about localization of studied sections and bird 
inventory techniques are the same like in KAJTOCH & FIGARSKI (2013) and FIGARSKI & 
KAJTOCH (2015). 


Target species 


In the submontane river channels of the Western Carpathians 17 bird species were 
found to breed (KAJTOCH & PIESTRZYNSKA-KAJTOCH 2008; KAJTOCH 2012; WILK & 
MAZGAJ 2016): Little Ringed Plover Charadrius dubius, Ringed Plover Ch. hiaticula, 
Northern Lapwing Vanellus vanellus, Common Sandpiper, Common Tern Sterna hirundo, 
Little Tern Sternula albifrons, Black-headed Gull Chroicocephalus ridibundus, Common 
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Gull Larus canus, Caspian Gull L. cachinnans, White Wagtail Motacilla alba, Yellow 
Wagtail M. flava, Grey Wagtail, White-throated Dipper, Goosander, Common Kingfisher, 
Sand Martin Riparia riparia and European Bee-eater Merops apiaster. Among them, 
Common Kingfisher (hereafter Kingfisher) and Common Sandpiper (hereafter Sandpiper) 
were selected due to: 1) their known association with riverine habitats (most of other spe- 
cies breed also in replacement environments like gravel pits or ponds) — the first is breed- 
ing in river banks (scarps) and the second in gravel or stony alluvia, ii) relatively easy 
detection in the field, due to behavior — characteristic loud vocalization while disturbed 
e.g. by observers, i11) known substantial number of breeding pairs in examined river sys- 
tems, iv) territoriality and solitary breeding. 


Environmental and biodiversity data 


The following data were taken into account (described in three groups): i) hydromor- 
phological: river breadth (hereafter BREADTH [m]), river depth (DEPTH [m]), water fall 
(FALL [m/km]); a group of naturalness characteristics: share of alluvia (ALLUVIA [% of riv- 
erbank length]) and scarps (SCARPS [% length]) within channels, share of forests on river 
banks (FORESTS [% length]); and iii) anthropogenic factors: the level of regulation (REGU- 
LATION [% length]), the distance to the nearest roads (ROADS [m]) and the distance to the 
nearest buildings (BUILDINGS [m]). Environmental variables were either calculated in the 
field or measured using digital maps and GIS software (http://maps.geoportal.gov.pl). 
Moreover, in all river sections inventoried in 2007, presence-absence data on birds breed- 
ing along the channels (listed above) were investigated. 


Statistics 


Due to the small sample size and/or non-normal data distribution, nonparametric statis- 
tics were used. Sections with presence or absence of examined species (either Kingfisher 
or Sandpiper) were compared in respect to all environmental variables and biodiversity of 
riverine birds with use of Mann-Whithey U-test (MANN & WHITNEY 1947). Next, Spear- 
man rank correlation (SPEARMAN 1904) was adopted to verify which of environmental 
variables could be correlated. Consequently, due to high correlations (Rho>0.7), three 
groups of environmental variables were assigned with use of Principal Component Analy- 
sis (according to KING & JACKSON 1999): HYDROMORPHOLOGY component (BREADTH + 
DEPTH + FALL [Principal Component 1; PC1=71.4%]); NATURALNESS component (ALLU- 
VIA + SCARPS + FORESTS + REGULATION [PC1=82.2%]) and ANTHOPOPRESSURE compo- 
nent (ROADS + BUILDINGS [PC1=82.1%]) (Fig. 2). These three components were next used 
for building of set of Generalized Linear Models (GLM) (NELDER & WEDDERBURN 
1972) and the performance of these models in explanation of selected birds presence was 
evaluated with use of Akaike Information Criterion (AIC) (AKAIKE 1974; BURNHAM & 
ANDERSON 2004). Moreover, relations of the Kingfisher to share of the scarps and Sandpi- 
pers to share of the alluvia were visualized with use of regression curves. Finally, numbers 
of breeding pairs of Kingfishers and Sandpipers in three periods: pre-flood, post-flood and 
post-alterations, were compared with use of Friedman repeated measures analysis of vari- 
ance by ranks (FRIEDMAN 1937). A probability value of less than 0.05 was considered to 
be statistically significant. All statistical analyses were executed in Statistica 11 (STAT- 
SOFT, POLAND). 
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Fig. 2. Principal Component Analysis presenting relations among selected environmental variables and occur- 
rence of examined bird species breeding in river channels. 


HI. RESULTS 


During inventory in 2007, Kingfishers were found in 23 out of 52 1 km river sections, 
whereas Sandipers were present in 25 out of 52 sections, and both species co-occured in 20 
sections. 


Four estimated environmental variables (ALLUVIA, SCARPS, FORESTS, REGULATION) 
significantly differentiated in sections occupied and not occupied by both: Kingfishers and 
Sandpipers (highlighted in Table 1). These four variables (considered together as principal 
component NATURALNESS) explained the presence of bird species the best (alone this com- 
ponent had 51% AIC weight for Kingfisher and 41% AIC weight for Sandpiper, Table 2, 
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Table 1 


Basic statistics showing differences in selected environmental variables in respect to pres- 
ence or absence of Common Kingfishers and Common Sandpipers breeding in river chan- 
nels. SD — standard deviation, Z — Mann-Whitney test statistics, p — probability value 
(differences statistically significant in bold) 


f Mean | Min | Max| SD Z p | Mean | Min | Max} SD | Z p 
Factor Bird 
Kingfisher Sandpiper 
present 23 10 | 35 | 8.2 23 10 | 35 | 8.0 
BREADTH 0.62 |0.537 0.74 |0.458 
absent 21 10 | 35 | 9.1 21 10 | 35 | 9.2 
present 1 1 3 | 0.6 1 1 3 | 0.6 
DEPTH 0.76 |0.445 1.44 |0.151 
absent 1 0 3 0.6 1 0 3 0.6 
present 2 1 3 0.8 2 1 3 0.7 
FALL -1.03 |0.302 -1.52 |0.128 
absent 2 1 5 1:3 2 1 5 1.3 
present | 10 0 20 | 6.8 11 0 35 | 8.2 
ALLUVIA -5.21 (0.000 -4.81 (0.000 
absent 29 10 | 50 | 11.3 27 10 | 50 | 11.6 
present 6 0 20 | 6.1 6 0 20 | 6.1 
SCARPS -5.04 |0.000 -5.07 | 0.000 
absent 20 10 | 35 | 8.1 19 10 | 35 | 8.1 
present | 52 0 | 100 | 34.8 53 0 100 | 34.8 
REGULATION 3.82 |0.000 3.86 | 0.000 
absent 14 0 70 | 17.8 15 0 70 | 19.2 
present | 10 0 40 | 10.5 9 0 35 | 9.4 
FORESTS -5.09 |0.000 -5.49 |0.000 
absent 34 10 | 70 | 15.1 34 15 | 70 | 14.4 
present | 241 50 | 660 |175.6 240 | 50 | 660 |180.8 
ROADS -1.44|0.151 -1.47/0.143 
absent 337 | 50 | 1000 {249.3 330 | 50 |1000 |240.9 
present | 182 | 50 | 500 |140.1 175 50 | 500 |130.5 
BUILDINGS -1.69 |0.092 -1.74 |0.082 
absent 250 | 50 | 720 |166.4 252 50 | 720 |170.6 


Fig. 3). However, although other components found to be also important according to the 
GLM, Kingfishers were apparently more vulnerable to factors related with anthropopres- 
sure, whereas Sandpipers were more prone to hydromorphological factors (Table 2). Both 
species showed similar sudden increase of occurrence probability with increasing share of 
natural elements in river channels (Fig. 3) — probability of Kingfisher occurrence reached 
50% when share of scarps was at least 15% and probability of Sandpiper occurrence 
reached 50% when share of alluvia was more than 20%. 


Table 2 
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Series of Generalized Linear Models showing evaluation of three components of environ- 
mental variables in respect to occurrence of examined bird species breeding in river chan- 
nels. AIC — Akaike Information Criterion, A — delta, w — AIC weight 


No. Model AIC A w 
Kingfisher 

intercept 73.4 37.8 0.00 
1 NATURALNESS 35.6 0.0 0.51 
2 NATURALNESS+ANTHROPOPRESSURE 37.3 1:7 0.22 
3 HYDROMORPHOLOGY+NATURALNESS 37.6 2.0 0.19 
4 HYDROMORPHOLOGY+NATURALNESS+ANTHROPOPRESSURE 39.3 3.7 0.08 
5 HYDROMORPHOLOGY+ANTHROPOPRESSURE 67.9 32.3 0.00 
6 ANTHROPOPRESSURE 72.2 36.6 0.00 
7 HYDROMORPHOLOGY 74.0 38.4 0.00 

==1.00 
Sandpiper 

intercept 74.0 0.0 36.1 
1 NATURALNESS 37.9 0.0 0.41 
2 HYDROMORPHOLOGY+NATURALNESS 38.5 0.5 0.31 
3 NATURALNESS+ANTHROPOPRESSURE 39.9 2.0 0.15 
4 HYDROMORPHOLOGY+NATURALNESS+ANTHROPOPRESSURE 40.4 25 0.12 
5 HYDROMORPHOLOGY+ANTHROPOPRESSURE 64.6 26.7 0.00 
6 ANTHROPOPRESSURE 72.5 34.6 0.00 
7 HYDROMORPHOLOGY 73.4 35.5 0.00 

==1.00 


In sections where either Kingfishers or Sandpipers were present, the diversity of river- 
ine birds was 3-4-fold higher than in sections without these species (Z=-5.16, p<0.001, 
Z=-4.67, p<0.001; respectively, Fig. 4). 

Finally, comparison of Kingfishers and Sandpipers breeding pairs in three periods: 
pre-flood (2007), post-flood (2011) and post-alterations (2012), showed that both species 


react strongly to changes in the riverine environment (N= 16; y°(2) = 18.82, p<0.001; 
°(2) = 18.53, p<0.001, respectively, Fig. 5). 
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Fig. 3. Logistic regression curves showing relationship between occurrence of (a) Kingfishers with share of 

scarps along river channels and (b) Sandpipers with share of alluvia along river channels. 

Regression coefficient: y=exp(-4.24+(0.32)*x)/(1+exp(-4.24+(0.32)*x)) for Kingfishers 
y=exp(-3.41+(0.19)*x)/(1+exp(-3.41+(0.19)*x)) for Sandpipers. 
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Fig. 4. Differences in number of birds breeding in river channels with and without Kingfishers and Sandpipers. 
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Fig. 5. Changes in number of breeding pairs of Kingfishers and Sandpipers in three periods of study differing 
by environmental factors: natural flood and man-made alterations of river channels. 
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IV. DISCUSSION 


Kingfishers and Sandpipers are characteristic birds for river valleys across most of 
Europe (CRAMP 1985; HAGEMEIJER & BLAIR 1997). The knowledge about habitat re- 
quirements of both selected bird species is not equal and restricted only to some popula- 
tions. There are several papers about habitat preferences of Kingfishers, but they are 
restricted to Iberia (PERIS & RODRIGUEZ 1996; 1997; CAMPOS et al. 2000; VILCHES et al. 
2012), whereas almost all similar data for Sandpiper are from Britain (YALDEN 1986a,b; 
1992; DOUGALL et al. 2010). In this respect, Kingfisher was examined in Central Europe, 
but in very narrow scale (KUCHARSKI 2001). The only study which verifies the utility of 
Kingfisher as umbrella species was executed in Czechia (MACHAR 2008; POPRACH & 
MACHAR 2015), but for riparian forests, not river channel habitats. Among species breed- 
ing on gravel or stony alluvia in Central Europe, only White-throated Dipper and Grey 
Wagtail were examined in respect to their umbrella role in nature conservation, and only 
the former species found to be appropriate for such purposes (SORACE et al. 2002; DOB- 
RZANSKA & STRUZYNSKI 2009). Sandpiper, which often occupies similar habitats like 
abovementioned birds, was never examined in this respect. 


This study clearly shows that both Kingfisher and Sandpiper are depended on similar 
environmental factors, among which most important are these related with river habitats 
quality. Kingfisher, due to its breeding in scarps on river banks and foraging in water on 
small fishes (PERIS & RODRIGUEZ 1996; CAMPOS et al. 2000; KUCHARSKI 2001; 
VILCHES et al. 2012), is highly vulnerable to alterations in river habitats, particularly to 
i) scarps leveling, usually during river channel regulation, ii) changes in fish composition 
and availability, which are prone to damming of river channels, and iii) deforestation, 
which often follows river channel alterations or preceded development of gravel or sandy 
pits. Similarly, Sandpipers, which breed and forage on gravel or stony alluvia along 
riverbanks or on islands (YALDEN 1986a,b; DOUGALL et al. 2010), are exposed to loss of 
natural habitats and decrease in the number of riverine invertebrates. 


Interestingly, presence of both species, despite breeding and foraging in different ways 
and on different food, is found to be highly correlated with high diversity of birds breeding 
within river channels (terns, gulls, plovers, martins, wagtails, dippers and others). This as- 
sociation was already noticed in a previous study on Goosanders (KAJTOCH et al. 2014), 
which also found to be correlated with high number of species in river channels and flood- 
plains. 


An important finding of this study is that Kingfishers and Sandpipers quickly and inten- 
sively respond to the changes in the environment. The year after the severe flood both spe- 
cies increased approximately two-fold in number of breeding pairs. Obviously the flood, 
which happened in the middle of breeding period, must have caused loss of all their 
broods, with only some birds probably able to repeat their broods in replacement habitats 
like gravel pits (JANKOWIAK & LAWICKI 2014), but such habitats are often ecological 
traps due to continued gravel excavation (KAJTOCH 2007). Apparently both species are 
evolutionary and ecologically adapted to such disturbances and in following breeding pe- 
riod they increased in number. This was the most probably caused by inflow of birds from 
other areas, which seized the opportunity of unoccupied habitats and food availability in 
channels renaturalized by the flood (KAJTOCH & FIGARSKI 2013). Conversely, intensive 
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hydrotechnical works and removal of gravel and woody debris reversed the effect of the 
flood and reduced number of both species to the level lower than prior to the flood (FIGAR- 
SKI & KAJTOCH 2015). 


V. CONCLUSIONS 


Both examined species occupy different niches in river channels — Kingfishers breed in 
scarps on river banks overgrown by trees and forage on fish (PERIS & RODRIGUEZ 1996; 
CAMPOS et al. 2000; KUCHARSKI 2001; VILCHES et al. 2012), whereas Sandpipers breed 
in gravel or stony alluvia and forage on invertebrates (YALDEN 1986a,b; DOUGALL et al. 
2010). Despite these differences, this study proves that both birds react in similar way to 
changes in riverine environment and that their occurrence substantially correlates with di- 
versity of breeding birds in river channels. As both birds are still relatively abundant and 
easy to observe and count, this pair of species should be considered as valuable indicators 
of river channels naturalness and biodiversity. Recurrent counts of both these species 
could be effective tool in river ecosystems monitoring. Monitoring of either Kingfishers or 
Sandpipers should also be sufficient (e.g. the first on rivers with more lowland character 
and the latter on rivers in highlands and mountains). Current monitoring program of birds 
in Poland (http://monitoringptakow.gios.gov.pl/) includes e.g. marshland and marine wa- 
terbirds, but not riverine birds with exception of some gulls and terns monitored as flagship 
birds only in some sites. Consequently, this ecological group of birds is relatively poorly 
studied and monitored. On the other hand monitoring of riverine bird communities (the 
best jointly with riparian communities represented by candidate indicators like Goosand- 
ers and Middle-spotted Woodpeckers; MIKUSINSKI et al. 2001, KAJTOCH et al. 2014, 
2015, STACHURA-SKIERCZYNSKA & KOSINSKI 2016), could be excellent tool for tracking 
of changes in quickly and severely transformed river valleys. 
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